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(57) Abstract: The production yield about defect free 
devices is improved by so controlling the size and density 
of void defects that they are under predetermined levels 
without mairing the productivity. The pull-up speed V 
of a silicon crystal (10) by a pull-up mechanism (4) is 
controlled, and the rate of cooling by a cooler (30) is also 
controlled. As a result, the axial temperature gradient Gi 
at and near the melting point of the silicon crystal (10) 
is increased. The growth condition V/Gi is lowered to 
a temperature near the critical value under the condition 
that the growth rate V lies in the range from 97% to 75% 
of the limit rate Vmax and that the solid-liquid interface 
is convex with respect to the melt surface. Thus a silicon 
crystal (10) is grown by pulling up. 
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K^Rgx OSF (^m^jeSUlMlS) *5cttJ^fe^£^^^^ (^^P^$/';=i>Mfe<4 

§I#±tf e>nS5^Un>#J^gF«il®j^^ajSAS3 X 1 0 '"atoms/ cm' OTi:^ 
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wo 2004/044278 




>PCT/JP2003/014S09 



:^mmm2 It^^tiSo ^2 l<D«l$ft{±i/Un>#^S*©i^^^S (ato 
ms/cm' ) T-^t). i^i!ttt*^^^M3^i^«^*3«tS V/GCDI?g#<il (V/G) O-C'^ 
m b fcJ^S^# V/G ^^^o 

I^K 2 1 td^r J: -5 fc: U n V^S^^Pf^j^m^iJgibs 3x10' 'atoms/ c W 

fei:;t3gS^:S'+'lc:v/G*sit,etjt3^>fbbfeiibT%> ^ 

fflbT^)cfcV^o 

2 1 ^mxit. 0 2 8 fc^-r ct ^ fc. c z n 0 2 izwd^cDmtmmi^ i o 

-r^i^t^llftillicf*:! 0 8*s^ ^cD±fiS*$C zn 0 2CDI^Ml::g?/l!ll-rs<5tgAt: 

0 8:^)SAteS^-^ig^^^^)$n^i:^ T;i/rf>:j!J:^ l 0 7ifiC0-ff:7.1 
1 2 0 8(D^mtf^^^Mmi^l 0 8©±$gg. I^fflij^^b-CM 

1 0 5 t:i^*>diStns ^)^jiit#:l 0 SOIH D ^-hT;5lRlfc:|l^-ri>$Sntt 
fl^^$nj5;<55:So T^i^^-rjvziyff:^ 1 0 Ttt^m^^T^s czn 0 2i*|-e^ 
m^fircC0iJ7.1 1 2S©'M:T. CZilFl 0 2<D±^tl'^mMMi.i^l 0 8©T:&> 
t-iS' 10 9 hm^^-^l^l 0 3 bhCD^^^bTCZn 0 2®T:&cfcD^¥ 
<J:<gp^^tii)o c:cDJ:'5C7';v:J>>tf;^ 1 0 7 ifi^m.^n^^tiz^-^x. CZ 
^SfI 0 2<D±gplz:^a C03br:^ l 1 2<D^tji^ir:B^^'Ol^l 0 3 aiiHi&^o 
{^1 0 3hh(DS.mxm&\ytzCO'ff:^l 1 2*T:«FK:|qliPoT^S&2p£J:<g^^$ 
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wo 2004/044278 



PCT/JP2003/014509 



1 0 ''atoms/ cm' JUT ST-fSMT^ hASt'^^o 

Jjg^ifOJ^^^JgAsa X 1 0 '"atoms/cm" WTK::feo-C:i3 1)> 

G^51&65i:i^'fb ^ UT % . ^S^f^V/GCDMISI^^Mici^Td A^T" ^ ^ o 
S 2 1 ^B^{3 J;ti,{*. #^^§l±(f 1 0 1 lc:gt#©M®#: 10 8 ^^iJM 
^®{ig?^b«)^fTa>^{tT%i^»;ri>#jfelittrCDj^^^ftit^3 X 1 0'"* atoms/cm" 

^ (0-3 Omm@je) bfc)K^lc::Q;oTV^fe^: cfcv^o 

P*s- 1 0 0mm) > ^"olSMC/P^^-f DM^SotS 1 0 3 b© 
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wo 2004/044278 




PCT/JP2003/014S09 



jiitf*: 108^ *oS103a. 103b %te®^^i»-rs d 

EI3 3 (7jcSp(i)) :^V>bii^3 0 (7Xip®) T^^tt^{SMK:> ^ii^#:10 8. 
103a. 103b §{5iS^^«) bT ^) «fc V^o ^ KlSifexaJ-^t^CXaT*. 

mmi^i^LU^isb^no <fc a C b-c J; v^o 



EI7 (a) . (b) . ic) ittyV:D>f>x.-^\(Dm:&\Ri^mtV/Glt<Dm 
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wo 2004/044278 



IPCT/JP2003/014509 



013 (a) . (b) . (c) }iimmjm<D^m^wmir^m'^. ^\±\mmt 

014 (a), (b) . (c)> (d) ii^~^igg^{^-e®§l±lfMJglti:0 

mi7itmMocoFisM:^mt-^^mi:^^^y3^t^it^^tcm-v^^o 

0 2 0 {±0 8 ^iiM^^ifiSOS/' U 33 >^^Cov^-C^ 

m2 i\,±]^mmmhmmtif¥h\i::Mm-^^xiK.mm<D^^^m\^it^^y^^ 

§ o 

m2 4it.^m.m^mii^M^^^'^x^i^mmffimt-r^mi^i:::^if^ (v/g)/(v 

/G) Ofii%^bfc^"t!fei>o 
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wo 2004/044278 



IPCT/JP2003/014509 



m2 zit.mmmommmm^^-rmmM'^^^o 
® 2 6 itmBmi^comum-^ ^ ^ o 

03 2 ttzKSp®®^^®^®*^^ ^ tD'^c h # ® :y >^ cD^n^^t-^-C-fe ^ o 
03 3ii2Kip(i)©<iM^5^i^^^^H3feiii^®:ifX0^ti^^1-S'C*fe^o 

03 5 ii7jc^P(0)®i4M?*i?)5{>s:fe^ ttfc i: >^ ©mtL^^f S o 
>{fi:ai:J^^^im®®v^M^^[ ( (l) ~ (6) ) ^^bfeig-e^So 

015 ttll^iJ^s^::fflv^ ^ ns u :3 >m^^m.mm(Dmm(o-'m^mm±^ e> 
^fc0'r$>i)o 

o^g3i^)S|g^te>tlTv^So 5^S':3(S3{i. ^(D9\'m-^mm^^i^i iiz^^xm. 

*)^^-CV^So 5^Sol^3©^{B!lCfeo-CiB!l>&t:tix S^So(^3 U 
iis :B^^^\mm^^m^^^nf»ihX. 5^SotS3®Jgap®ife?S50®'fb3&l» 

^ 1 9}±^ne)©m±f o-^u- ; kw) «3:LbTM^^n^ iii^s5{c^-r s^n^ 
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wo 2004/044278 



'PCT/JP2003/014509 



9<Z)=&tB;b^$iIIS¥^ti§o 
ftf|4 a J:§l±if$ft4 a,<0^m(Dt^- }'^^ ^ 4 c ^^tfo S/- ^j/^ 4 c 

5^§oi^3p«3T'#M^i^u=i> (Si) mnm^timm^n^o mw-^ou^ 

^m) ilfi^\^±\^^Mo ir^t>-^m±\m4 ai)S|^T^ttei±tfW4 a©5fe^® 
1?^^ vy >^ 4 c IdJEUi^^tlfcaJg^ 1 4*sill^S5 izmM^fl^oWM^ 1 4.5& 
M 5 D^-&fcm§|±lf Ift4 a;bsj:^-r?)o i^- y 4 c icm^tlfe 

ffiM^i 4As±#t-^i-/j&cTi'U=i>s^^i o*s^«-r^o §l±lf®I^> S^i> 

^ t- o ^ c: C Z !p 2 7';vrf > 7 >fe#fcil& C Z lip 2 ^fc^^tl ^ 
g^mbTCZ^2p«33&*e>^B^^^5feb^U->l^bT:VN^or;Vif>:if>^7®^ 

y 3 1 0 ©§l±lf K:#v^i!l^S 5 ^)S?^ii>-r ^ o mm. S ©Mil>l^:#v^i!lm 5 
§ o(S 3 i: commmi^W\:i b5^ otS 3 A* 5, ©m^^g^SM^s^-fb-T S o 
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wo 2004/044278 



PCT/JP2003/014509 



5^So{S3®±^l^feoT> Sy«;=i>^^l 0©jiH{3{*^ B&MRil^?!^® 

tlTv^So mmm s^.c znp 2 F«gi:i±;& j: v ris^ n ut® 

^tci^mmm. s ai^m i4^j^ v^m 1 4 1: t) tvs u 3 

ifix^^o ^fe^jt^lR8^#^^Si-cfcD±T:;&[fliti^lfr^-&t:^^^yr2 0^ 

;j^3£^-C-®$|!i:SlRiai^^iB) ^ V • G2 (V : j^SM^x G2 : U n 

*^c5l±lf 't'l^x §^{^|ll$KilCC/R. ^IJilffftHl^^S/R. TjV'^yi^-T.mM. 
r^^ffi^^^^t*S^lallc:<to•r^ U n 1 0 tfO^^^ilt (atoms/cm') 
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wo 2004/044278 



'PCT/JP2003/014509 



^1 5®^MlcJ:-:3T^3§^tife->U3>M^l 0©'f h^tOKf^Mt: 
^S*s5 X 1 OVcm'' JiiLTi:^t)s ¥±S>l^-r K^RSi^-f X*s 1 0 0 nmJilT^ 

mi(Dmmmm(D->vz2>f^mioi±. m.m2oommX'. i. ii~i. 45 

mm/m i nCD5iJS[V-e§|#±{f ^S^nSo 

^Rl^jgi&s 5 X 1 0 Vcm" J^jtTK:. ^*97}^>r K^RIIt-r X*s 1 0 0 nmmTK: 
14^<b§:&<-rcii:*s-e^§o 0^1. 11~1. 45mm/ 

mmi^tz^'Diz. mkxi±. m2izio OA. lo oBx^^ti^x'Dic. os 

^$!l®IbTV^So 

mx\±. >3^v K^Pjg?fea^-rsi^^?Lmig»}at^-^-e^t). v/Giii5i&irj^#-& 
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wo 2004/044278 



PCT/JP2003/014509 



m6itv/Gii!fi^^m(D2&j,±(Dm'^. 1100° ciz^i-jr:^^Mimmtxm 

b*^bV/Gl:bS;jf^ O S FM^{3^'fti-r ^ei^^t{::?£V^M:^-e 

^i^ 1 0 0 10 oDiz^^fi^^^iz. Y/Giffim^mizySi'^'^n^iLmmi^ 

/Gmm) o Ji^-f K^Pf§cDi^>f x«> v/Gl*sI^l#^iilc:3ev^MJ^-e^±. v/Gii>$/> 

t«tt^ V • G2§:'ct <1-Sc:i:J:V/Gi*s/>^<1-^cii:i:*Wi5:$^Siii: 

L**bEi7 (a) izm.mizx^^-rx^iz:^^Qi±v/Gitm^mxy)%mi3'iz:k: 
T&m^xY/Gi^i&T^'^^i^^h. iSiV/Gmmifimfi-^i^-^o :ifii±m2^:^\,^x 
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wo 2004/044278 



IPCT/JP2003/014509 



13 7 (c) {(IIIJ^KIT J: "5 KI. J/Un^e?!— ^NCDttiitN—i^^M^-^OV/Gl 

(Dmifif]^^ <ti^^^oi^. i^^) n ai— y\®F^(D V/Gi^— ^lx^;m±^::l^— 
CS^Unve/oi— 7M 0 OT-0 S F^yb^O SFl3S|:aE'fbb< < t* § c: ^ S 

~; \® P«3<D V/ G 1 ^ ^;i/i^± J:: -r S ^W*Mm®^#T* Mjg t" § J© 
t^V:3>mmiOO^B\±{fmM^'^^m^. m^Ummv^O. Smm/min 
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wo 2004/044278 



PCT/JP2003/014509 



U 0. 1 0Am'y--rXfeil±©>'1>-7^>f ^;i/&Jg^l/r/cm'' i::feSb#V^Sgy 
= 0. 2 8/ (x-0. 2 2 5) * (x : y : i^Wi) ^^b'CV^So b^V^ 

u^m^hir^mU'v^^fi^mmifiR-osF(Dm^ifi-^< o. i Oyum-y-'rx 

1 ©V/Gl^i3^^4>iC^gBT•CD^iT•$> V/GiCD^5^|qit9'^«c:ov> 
b V/G m-^fe o ;fe: i: bT % V/G icdSt^ |6i^^*sM^ jfe ® i: o T b * a c 

-ti3iiD-^m^tm 1 ^jsffi bfc br i)> mti^izm 4 iz^^tt^^ii^t: bfc*sv^ 
m-m^rm r-o s fas^^ts f,n:5o 

^itm^ XcealfilECOmcO t #®^g|^®tt±fc:i£!i ^ ^ |3 ^ •t'iM^ XcenAS 
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wo 2004/044278 



PCT/JP2003/014509 



{i^ ^MM^y^ 0.35 mm/m i 0 . 41 mm/m i n> 0 . 48 mm/m i 

«T tiO j: w\®|*iCD G I'^^^f^lzmifi'D # I— ^'N R - O S 
iSV/GHbbfeJl bT*)J^^W-C«©V/GU±iSi#{ii^TIil ^R-OSFtm^T 

So 

^m^icir:b:&^h bT^ :^ U n 5 1:: 2 5 0 0 G&L±.<DiK^miB^Wmir ^ 
m9l^^^yy°2 0^5 7mmlcb^"0{S[I]fe^C/R^3 r pmicb3 0 0 0 
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wo 2004/044278 




PCT/JP2003/014S09 



^om^^V^O. 3 5min/min~0. 5 5 mm/m i nCD^H"^ig<b^-frfeo 

o^ft:^-^3 o-t?$/un>Msi o^^^^ai-rsiiiiTN §i±{f3ijgv>^^]iH4 

m:^ \fmm b fe±;& J^IBS-r S i: V^ ^ ^{^-eieg 2 0 0 mm<D U n 
SI 0^f^^bfci:§®@l£#®©BJK®^<b5&P'^fcll^M:m<^^-roiai 0© 
aifis |g!fft{A0 8 CD^fft. mm^M}^^hX\^^^o mMMmv^O. TSmm/mi 
n~l . 4 8mm/mi nOiSffl-e^'fb^^^feo 

i^^i ofei^-rj:at:<^-^ 3 o-e5/U3>M^i o^i^aj-rsin^a^^t? 

{is R-0 S FAs^^-r^lli#1it*T'5i±lf3^JEltV>&<£T^-^fei:b-C*@^S#® 

v/Gi:&m^m7&mi^xi&r^'^tch^(Dm±i,-fmmv^m-^tzmm^^To r- 

0 S F^^^^-a-^RVA^Ulfj^jSVl* 1 . 1 5mm/mi nJU±T*^ofeo 1^ 1 0 

cDM^lc:;Rt^■r^^#^c:ov^■ct^^w•bfco 

El 8»> SimWiPlib-t?SoJ^IiltelfeC/R^ffe©§l±lf^^^*l^-^fMc:b 
Un>s^Slllife|l5cS/R^4rpms 8rpm. 1 2 r pmJ::-^tL^ti^<b^-«:feo 



82 



wo 2004/044278 



PCT/JP2003/014509 



o{gInl^|&C/R:& 6 r pm^ 7rpms 8rpm^ 1 0 r pmtl^H-eti^^b^ 
a § o 

o^^g■rs^:^:^^I^p;?.•rt/•;^l>?^^IiIfei5^s/R^ so 

ISmtelScC/R J^^^fS CI R - O S F *s|g^-rSISI#<ii*'^§l±tf V 

^s/R^ 5o(^(iiteifcc/R%^Mt-scii:T% mm^i^ ms) ^y)i>i^vzj> 

tf 3: w\®F«g-t!R - O S F ^ ^R§^$^:feV^§l±^f 3^JSV:&l^MJ:it- S CI J: A^T? ^ 

So ^3 0Ts^ur3>j^^i o^i^ai-rsciii'^GiASiiipu v/gi 

ibsgTa^iii t T /J^ ^ < o h t ® V § ^© < t? ^ s A> 5) T s o 

rai 2K:^-rj;^{3§I±(f3gJgV^fS< b§l±{f5ti^JtV/Vmax:&ffiT^-^ 

H^RSlf-f XcDiiSa^iti*t" S*Sx cicDV • G2©<gTfc: J:S-^-r :^X©^mii;± 

■rscli:*sM*bV^o 
(S^;&^ 1 ) 
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wo 2004/044278 



PCT/JP2003/014S09 



ftji^tS 8 (DTm ymWi^m 5 a i:®P^PtCD^-^ r 2 0 2 0 mm 
~ 1 0 0 mmlC^^^tiSo 

l;. ^ 3 0 (D^m&^m^VX. U :3 1 0 ©llS;^7£^-ecDfft:&lRl?ae 
^UiBGl5&:;^t <^-yrs figSMitV:t)Sl. 11~1. 4 5 mm/mi n©l5fflT-®?S 

"TiST^-erSo c:cDi:^®^S#®*iC^i^$Xcen{iO-'2 0 mmtrfS ^1 

^^ai-r ^^txGi t^mm Ux v/ g i ^ Ei^iK^a^^ -e^T ^^tct^ (dm^v ^ 

1. 1 Imm/mi nJj;±t:i^<*l^-rscii:*s-??#So fe;^b^ 1 2T*^B^bfc 

$-fr5^;v^TllMJS 1 . 1 lmm/min5£^CD<£MK:-rseiJ:AS||*bv^o -ffij^i: 
^*V^^^lm®§l±{f^^4^•trO S F<&^^^-^:^V^T|5B§l±lf3i^£ (0.76 mm) 

m^ii^Y/Gi^mm-m&m^x^y^'^x\^^(Dx. mi (c) iii^^Kie/aiwN 

<-r'5Ct:*ST#S (I1I3#M) o Cl©fcJ2>^U3>ii7i—/M 0 0 D(Z):fe®K:*> 

EI 2 T- u 3 > 10 0 Boom'^mmtfiM.n^i^xm' e> tts u n > 

aiwMOOAx 1 0 0B<^)ig|lIgJ:t)%^<3feo■rV^S©^d:^ ^3u—^\mP^XV/ 
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wo 2004/044278 



PCT/JP2003/014509 



S:3 h < m s d *ST- § s o 

01 3i±§|J:(f^JSi:^^p^iMfc:i5(:J-^^R|-y-^Xi:cDll^^^bTV>^oia 
1 3iiEI7i;r^ii&bTV^?.o 

1 3 (a) {c:^-rd:dt;rx §l±^fMSV^^T$■^^TV^< 

(:f3^JSV2*T-3^JgV^lS< bT:5^Pj|-y-^X^fST^-&i.J;aicb-CV^§o b*^b 

ifiX^^o b*»b3^^^jl^feiOSF3f)S^^bTb*a43^tiAs$.€>i:i:%Jc§l± 
iint^^bT^^— ^3 0<&fflV^fe2is:^HJ®J©-^t3^ilal 3 (c) (z^fJ:^};:, 

G2*l^i&^#MJgVmax:&li5«)-CV^§fe^^)§|±^f3^JgV*K#aiJ^tVmaxf^^3l£© 

^14 (a) ^ (b) . (c). (d) {±5l±lfMfiP^l. 4 Smm/min (§1 
±Jf 3^JfeJtV/Vmax= 0 . 9 7). 1. 2 5 mm/m i n (§|±tf i^JtV/Vmax 
= 0. 83). 1. 1 5mm/min (§mf3liJgitV/Vmax=0. 77). 1. 
0 5mm/min (5l±lf 3iJSltV/Vmax= 0 . 7 0) t.mh^-^rch^(D^ 

^^bTV^§o 
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wo 2004/044278 



IPCT/JP2003/014509 



H^l 4lc:^-r<fcat:§l±lf3^^V^ 1. 4 Smm/mi nA*e> 1 . 0 5mm/m 

i£Mb•CV^S^li:*st)^PSo 1 . 1 Smm/ini n**^» 1 . 0 5 mm/m i n® 

F^®§[±(f3tJgT-e7a^-/N®p«gl3 0 S F:6s^^ (1^ 1 0 J; 0 1 . 1 Imm/min 

IfiX^^o il®fc«)7^>'^-f X^^®^®^ 

iR^ibs>'^5>xbt:v^So 

Ks- Gs=H • V + KL- GL 

KL : mmomBmm 
Gs : ^m(DMm.^m 

GL : ih^o^^iS 

H 

V : nmrnm. 

'I^t^ikm2 T»i±. J^^S:&lqICDV/Gl^:i^^:^— ^^bTV^^AS. -jiS 
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wo 2004/044278 | 



IPCT/JP2003/014S09 



A6mW±CDC0PigCCDfi£Mx ^M^. R-0 S FcD;&»ltloV^TJti^b7fe^®■r•fe 

±iB:&^(i)*3SfflbTi^5it:&^l i:l^^t:->Un>e7ai-/M 0 OD^&MMb 
X % J;V^o e/ U 3 >mWL 5 Id 2 5 0 0 GIU±©7jc¥?^®>feHJiP bT H^S 

cD-c% 5i±{:f?imv©sffije*siq]±-r^o 

-5J:^K:b■rv^So biPbJ^^^3gfi5K:0SF^^"r'feofci:b-r*)7^.'Wx^f^ 
rn-fe^^-eo S F;j^i>so S F ^3^:£^bb^cv^J^^^:^i. U 3 31— 7n® 

h vxmMiz tji^tjii, ^m'^>bsfe ^ o -r to t> R - o s F ©^{i u n ^ 
^fe t) . u 3 y >j7 ai wNf^^K: o s Fmi^m^'^m^mmm^m^^ ^mxo 

m2i,zm-rio o c\±. 02©ll^^g?f^^o>>u=3>e^a:-;^^^bTl^^o mm. 
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m 5 (omn-^^^^MW^^, m 2 (omsimmcDiy u ^ > 1 0 0 c©r 
- o s F®f^iB!iMMi^*5(t^¥i^>i-w \^i^mmm. ^n^^^ xomm^ 

^b■CV^«,o S 2 (DmmWMOi^ U r: > ^ --n 1 0 0 CliR - 0 S FcD^fflO^^ 
X*si 0 0 nm&rftfS^^o 

So i/';:3>3SgSl 0®ii:g»2 0 Ommiibfco 

7^m^:^mi;i^nim i o -^mmi.rc j; a ^ 3 o u ^ i o % 
M < mnt^ ;i i: As-c ^ So fc^ b2/ u 3 1 0 (D^mm^ o s Fmrni^^^ 

Jt®ibT^^Tl:iacDff^>l^l-55:S J: J: l::. 0 1 2 J; a t5l±lfMmva:M 

X(Dm^mmifi-'m^^^oi&mhm^^m.m(D^\±.ifm^-^ o s f 

^$•&5S^l^TI^§l±^fm (0. 7 emm/min) iiP^® l^'^^'V"^'^ ^ 
jgi4*5^Siii:li^v>o 

l^J:t)^RS-9"'<X:&HC/jN^<-rSiii:*S"r'#S (^3#^) o i®fci2)^>Un> 

121 2 -es^ u r3 > 10 0 c^^pf^iiaAssm^^-e^ e> ns 5^ u =i > 
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wo 2004/044278 i^^^^ ^^PCT/JP2003/014509 

(XS 1 ) U 3 >mm 1 0 ©^mmiS:bs 12. 5x10' 'atoms/ c mU:;T t^J 

(XS2) S/Un>«i7 3:WNl 0 OClcil 0 0 0° CJil.±6D^^aS*5SlB^nSo 
(x@ 3 ) n 31— ^'N 1 0 0 C lc:0^^<bj4#fflMT 1 0 0 0° Cm±®^ 

%*>:?>A.mi(Dmmmomm.-^mi. 2\z (xmi) . (x@2)^ (xss) 

(X@2) . (X^3) ^mUT'fe J:V^o 

I^^2 5K:^-rJ:^lCx ^JlS?^^CD#^^gl±{f 1 0 It*. #^^5l±tfffl 
5^^>/^i:L/"t®CZFl 0 2Sil^TV>So 

:SS^^o{Sl 0 3 a*siSlt^nTV^;So5^^o(5 1 0 3 a®^i8iJ{*MI&^o{S 
1 0 3b^::J;o'CSt>tbTV^So MiS^oSl 0 3 b®^^l!l^3feoT^iJ:5^:l^*^ 5 
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wo 2004/044278 ^| ^PPCT/JP2003/014509 

^ 1 0 9 i:cz!iFi 0 2<Dnmt.(Dmizit. uumi i 3ti^mii-y^tix\^^^o 

^mt-r^ ci(D§l±tf^{^ J: DS^^if^Hi^ 10 5 cm^^^tt-Cili^g 10 5 

czn 0 2cD±:7^{ct±. y-h7^;v:ri i l*s3il)<ttt5>n"rv>So y-h^ 
;i/>^i 1 iii3^m\:>^fi^^tiz^y)^i o.2p«g^^m^?tif$nr i o 2p«3^s 

m (fetAJS2 OToir^Jg) l3$|i^-r^Ci::^)S"r-#^o 
As^^-rSo-?CT'CZ*Fl 0 2ic:{*:ar^UT?!f:^i:bTT;i/rf>:^x 1 0 7ifi± 

brio 2|^(iF;f^(DffiJE(::^^n.§i:^*l3iri O 2 !*IcD^M^*S7»;i.3f> 

1 0 7iii:*)tc:#m^ti!n 0 2i^As^^U— >Ki^^fcnSoT;i'3f>:^f;^ 1 0 

M^©a»{^JiSbT. $>?>v^ii5l±{f|lligt^3;iSbT^ 1 0 3 ai*iic:iiVN 

1 0 3ap«gi::#'3gS^>Un>M*45&7iSP#^«&-r^iiJi-C% S^^otS Iffl^fe 

HfS^ot^l 0 Sbomt-iilUfellfil 1 0*5@^^tlTVA€.oS^Un>#M^AS 
§[#±{f e>n^^l3. 5^§o{Sl 0 3 aJiH^^ofSl 0 3bi:i:^>fcIl|teMl 
1 Ol::J;o-tma©Iil^3^T-Iil^-r-5o 

^fcnifeiiiii 1 0{±g&iS:&iqitJi#i^iST-fet)s e^soisi 0 3 a.^m^^'D 

SI 0 3biiJi%K:±Ti&^"er-rffi5t®i£®K:^i&^-yrSClJi*ST^?)o iic:-r-li 
—^10 9(D±mi^Mir^m^^':^l^l 0 3 b ^D±^CD^i^Eg||^^^ -SoiSficgC 
/Ph^«-r^o ^o{S^gC/P0=^m±s t— 1 0 9cD±5SgJ:D%Mi8^o{^ 
1 0 3h<D±mtii±:&i^&M\^ftm-^^y"^:^ (+) i:U t-^ 1 Q9(D±m^ 
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is 1 0 3 b. 1 0 5. t-iS' 1 0 9tji}f<D-mu^iim^ir^mmmifi^&i^. 
tiTv>So ii<DW^m^i^^*)^mm.^i o sttczi^i o 2p«3-^^ig:&iqijc:#p^ 

02 6 10 8 ^mmoi^^^To I^E 2 6 iZ^^TX^lz. ^MMi^ 1 0 

8t:tt.±®*s¥Jfii:3&^J:aK:71/-A*Ji:bTffiDgPl 0 8 a^is^milrm^nx 
V^^o il®^t)gPl 0 8a{*> fci:;t{^C. C. M • :^>7T'r/^ 

SD^l 0 8 ai::{*ffi!5'ir-:r;i/l 1 Aifimm^fiX^^. 1 4 

l:ictoT^?iiic#:l 0 8ASffiDTtf e>nTVNSo ^^^—^JVl 1 4ii. 

1 1 ettiSmcDS^Igl 2 1 J;DmMM-^^l 2 2 ^iffVXWm^fi^mEEitz 

t^iti 2 V) {^<fcoTf^i&-rso m^i 2 1 trnm^e-^ 1 1 e i:<DP^©mm# 

-^J^ 1 2 2 fcltt^ftlllSStn; 12 0 •iHftt^fiX:^^). mib^-^$' 116 KlSfttbS 

^rnrn^i 0 8. s!?'^— :/;n 1 4. ^±F^A 1 1 6i,±mmM-^mi 22\z 
mmm^cmm^fy-x^^^o i^tcmmm^mi 2 2 \iz.mw^fix\^^m&^^ti^r^ 
mmm^i 1 ^ifimiribi^lx\i^:hons.^m^l 1 sidtiuu-i 1 QASftis:^ 
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1 0 SOy^ifi^Umi 1 3CDllnigl5l3^fegbfci:^CD|im§B^^?t^f^l 0 8 
ffiULWiB J: ?3 4)Mt:TP^bT. I^M^i*: 10 8 113 (Dma^i^^ 

® Lfc i: ^©M* C i: -r S o 

ISft7!liecf*:l 0 8iis ^2 8Jc:^-rJ;'5ti> CZ^pl 0 2 p«gfc:±;&J; t)#t*&^tbS 
T;i/if>5tfX 1 0 7<&. ife^Sl 0 5 0^Di(:D'4J:^^::^t^ ^e)Ji:i!l^Kl 0 5®^® 

^5i3a$-&Ti6?si 0 5 (DmM(Dmmm^m< o ^lt. T;i/3>:«r>^ i o Tti. 
czri 0 2i^-e^^$ttfcco5tfy^i i 2.#iccziiiPi o 2©±gui;i^aco 

1 1 2-^©^SoiS 1 0 3 a J:m^i)Otgl 0 3b*s±JS"^glM-r§«P^9'D 

x^m^tifzCO-ff:^! 12$^ ^cDr;i/rf>*-::^l 0 7®^^^fc:©•*t^ cz^ 

S fc^M^*: 108{3cfcoTife^S105 CD^S®±® ife^g 1 

;i/:ri i i:?)SgBbe>n^o s>U3>#^^®M3^6Drn-fe;^i+». ^ItKi^ilixaTC 
:/l 1 l*sSBb^tbfcJ|^^-eCO:tf>^ 1 1 2tmm.l 0 5lc:JNflc:m»)3i**iS^ 
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•r?&:t)t»S2 7®#l^^ic::feVN-Cigi&^-i5^ 1 1 7 >bsf«b#± A 1 1 
6AS|llfe-rSoS:nic:<tt)^t)'5r— :/;H i 4 b^5^iS#^ 1 0 8*s±#$ti 
^ommm^.l O 8*st&SAlc^-rSi:llftit^<*:l O 8®±^*sCZi»f1 0 2©P«3 

8. ffi t)-?r— 114. #± h'^ A 1 1 6 ^ifrbT^MH^^ 12 2 t^mMmik 
ti^^o ^(otcisbmsMm^i 1 8T♦^^m^tl^mffi7^)Sb#v^^i^i;Ti:^D u i^- 

1 1 9ii)Sft^$tU 1 1 7*s^^Jh-r^o !L<Drzi^mmMii^l 0 8tix C 

zr 1 0 2©l^Mtc:g^bfcte®At?TJS^^±f 

tfc:fe^M^i*:l 0 8®^t)ei51 0 8 aJi. Rl^tSO^^C. C. UXmm^tlX 
\^^^itisb.m.W}=E—^ 1 1 7*5;^— bfc J: Steffi D^—:7';i/l 1 4(Dm?^ 

^2 9K:^-rj;at:. aim. ^Ifex^-eJib— 1 0 9 :b^^®^RaiK>& J: < 

ie:>gAs$,:g,*^M*4^i6^1 0 5 h(Dmm^WM1r^rcibizr^m(D^W:Blz^m^ 
"M:S«fcaCbTV^§o C(D^8|-r'{*> TJVziyff:;^! 0 7©— gPfi. CZiTl 0 2 
t^-T?^^tLfeCO*r>^ 1 1 2 i:i:*>l::x CZn 0 2(D±:^ifi^mMmi^l 0 8 
6DT;6r. t— ^ 10 9 h^^-Dl^ 10 3b tom^^lyX C Z!»F 1 0 2 CDT:& J: 

D#M^tiS^®®. T;vrf>5ff>^ 1 0 7©— SBttx CO*r:^ l l 2 ^ 

jt^^i 0 8®^iv{iid^?,^5si^^i 0 8 0±m. [^m^irfi^xmwLi o 5 tzi^^^a 
mn. -^^^mmmi^i 0 8%±T^iqjic:iii^-rs«tn>&B^-rso ^lofca^co 

3!;xi 1 21fimmi 0 SJci^bJ^^ASili^gl 0 5lz:mD3i^tisa<^So 
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^$n5&V^o 1-5fet)t>T;i/=f>5ff>^ 1 0 7l*^«E^tK CZn 0 2 P^gT-^fiK^tl 

fcco*r>^i 1 2^<D^x. czmi 0 2(D±:^if*^mtMti^l 0 8®T:^. t- 
^10 9 i:MiS^-^{Sl 0 3 b JiCD^^^b-CCZ'Fl 0 2 ®T:& J: t)^^<fc < 

^m^n^o ci(DJ;a{3T;vrJ>p?jr;^ i o iti^mw^^ti^^i^^^-^x. czpl 

0 2©±^fc:^a CO:if:;^ 1 1 2(D^i3L^ir^^^'=>\^l 0 3 aiiM^^otSl 
0 3ht(D!^^^X^^iytzC0iSx 1 1 2*)T:&l^:i^A^-:>t^^J:<#M^ns 

5l#±{f e>n^S^U 3i>#M^|^®^miiiS* 3 x 1 O^'atoms/c 
Zifipl 0 2F«3©^U3i>r^;V7T::^^®^*fB^*>^^tc:^^<fc<S^ttl^tU ^SPf*l 
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m2 KDmmit. ^mr^tK :i:iritm2 i^m^^x. s-unv^j^^tftDj^ 
i^v::3>mm^^(Dmmmt (atoms/cm^ ) TfeD. mmi^ (v/g) oxm^it 

Ufc^:^#V/G-r'^§o CldT- (V/G) OJ*. J^I^|R^^SPI^^t::feltS V/G® 
±{f^JgtV®fF^i^*S:^^ < ^ ^S^#V/G®^J|®*s^^ii:fe^o 

±MbfcmBJ-eJ*x 1^511^^*: 108§CZ^102 ®P«3Mfc:g?Mt-S{fi[® A^t 

mii^^MX^^CDX^filS.. «^f*:l 0 8®±5^hCZ!^l 0 2®F*3Mi:®gB 
MAS 0 ~ 3 0 mmamtCje^bJfeSgilfcl^oT bX % J;V^o 
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(mm) . T;V3f>^?;^10 7a)m (L/min) :&^<b^^fe^^®i/ U > 
^^^a^4»®R^mm (atoms/cm^) ^^bfe^T'fe^o NE! 3 7 iCTi^f J:^ l^lo ^ 

m.-f^^nhMZ.}L^-^^^1t. SoJS^igC/P%-7 0 (mm) tt'Tlf. 
T;v=f>^:^ 7©m«^ 1 2 0 (L/mi n) ^-CiiM^-^fcii^l^^^^iSA^O • 

M^tloVNTia 3 0 -^El 3 5 :&#Mb-Cm0^-r Ei 3 6 M 3 0 3 5 ©#7j< 

( (1) (6) ) :&m-e^sb-CV>So 03 6C^t- J^atl. 03 3®7K?P@ 
3 0 Oim<^m 3 5 (D7jc*(i>^El 3 2 ©7^3^®-^® 3 4 ©tK^P®^^ 3 1 

®3 3J±. 0 8*s<SrgAC{£m?^J5&^ti> Sol^teMC/PiJ^- 1 0 

0 (mm) t::-&m^^S2)^tvfc7K3P@©:«^X<D^n:&^b-CV^^o Pgl3 3 KIt^-TJ; 
•5t^. 7jc3^(i)-C'{i. T;vrf>:^?:^7*sco*rxi 1 2i:2i'fol^> IftJUitf^ l 0 8 © 

wm^mm.^\ o 8cdji^> i^iga^feifrbtM?^! o 5iciR]*^^m> -d%^% 

3igci$:l 0 8®|llD*±T^I^Clll^■r^^^^^*?f^fiK^n-CV^f^V^o-r^^t5^T;^ 
rf^;!?^^ 1 0 7^i^m'^b^tlTV^:5o03 3®*ip®i*^t©7KJP®'^-e^%:tf:^ 

f^\^o ci©fe«)7K5p(S){*^"t®7j<Jpo4'-r-s*)R^mm*5^£<^^"Cv^s 

jsmife (1) ) o 
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7kmQ-^i±. T)Vzi>iS:x 1 0 It^QOiiT. 1 1 2 0 So^i^ 

m^l 0 8©IlIt)*±T:?^lRI{c:Iilm■ri)SfEn«?F$fiK^^^t:v^3fev^o r*t)-^T;i/dr 
>5tfX 1 0 7^i^^'^ti^tlrv^?)o b*»b03 0®7Kip®J*^3 Z(0-^m®h]AM 
bte^^ot^ 1 0 3 al*IT•P«3^l!]^3^#3itPWJf^fiK$nTV^^o Cl®feM3 3 

©7jcip(i)<fct)%j^m^®®Ma)^m:?)Sfs<^oTVN^ (j^^mitMte (2) ) o 

1113 5tix mmm-l 0 8>JjS{&gCtl{i[m?^«>^tl^ §oi^^fi[gC/Pi)S- 1 0 
0 (mm) ic:M?^^^)$^^fc7K2p®®*rx©mn^&5^b•rv^So iRlilKi^S 2{i:x 
^7i^#^l 0 8>bs{SL©Cl;i^fl[m^«)^ti> ^ot^^imc/P*s2 3 (mm) tdifeg 

c:n?>03 5. S3 2lc:^t-J:at:> 7K^P(e)^ (i)T»^±^ t;v:J>:^*::^ 1 0 TA^C 
05tf>^l 1 2 ^MMil^l 0 8®^{l!l>fpe>^«^#:l 0 80±Sggs F^ill^ 

^b-CM^Kl 0 5l;:iRl^)^'5mn> -ol^K^mm^l 0 8©|llt)<&±T:&tRlK:tiI^St-r 
^^n»fl^fig^tiTV>3&V^o T^t>%T)\/::il^ii7. 1 0 7 ^±^^^l'^b^^^■tV^§o :» 
XCD^ni:bT{ijB^e^T*fe§i:v^^^As^lllml 0 ^(D±.l3i3^bii^i^n\^±t'^ 
KtnfMML^l 0 8®P«3{i!j%ii:fe?3^jt^i*:l 0 8 ®±;5't:jt^f ?>:^*X©^tl^)S 
n-C V ^ S »^ Tksp®. 0 J: D * J^m^^®<£^i®^^^i£ < ^ii -5 "C V A (tK 

w<mummmm& (3) > TKsp^Jij^m^a^M^ (4) ) « ^e:fe> mmmi o 

8 AS C{4B{::^a^i6^ns }imMWLii^ 10 8 1 1 3 ililPgP ^ 

ic^mT^mi^i 0 8^Citmt:iiia?^a&-r^©{iM^b<:fev^o 

133 4ti> ^®t#:l 0 8 *s{ftgB l::<fi[m^«2>^tL> ^o{SteeC/P*s- 1 0 
0 (mm) K:'^fi[g^«)^tlfe7lcSP®®3^f;^<^>M^^<^^b"CV^§o Iil^fer0 3 1t*^ 
mBWcf^l 0 8*s>f4MBtc{4®^^i?)$tL> ^Sotif^ftgC/Pds 2 3 (mm) Jci^tg 

iine)S3 4s ^3 IK^-r^^^. ^kmB. ©-^Jix T;i/rf>:^;^7AsC0:if 
>^ 1 1 2 0 8®^iB!)*»^flft?ti£#:l 0 8©±3g^ (^{Rl^^^n-b 
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ibCOiS:^^ 1 1 21^mWil 0 5 {c:3lt)aiSn-^-r <. J^^^iS*slS<^^TV^§ 

(zKsp(Dttj^^0]^mtt (5) ^ ^m®i±^mmmm^ (6) ) o 

5&:j3±la=&7K^^(D~®^^^^tll:Iov^Tr;l/I^ >5tf;^ 7 ^g^SS^^ 8 0 (L/m i 
n) *»e)100 (L/min) KJiSP^-yrfcil^l^. tSEa^ifSP^-yrfc^-^®:^** 

flftji^^l 0 8CDtelt^ SotS^fegC/P. T;i/rf>:ir:^ 1 0 7 om*3f)5fe t) x El 
3 3 (7jcSp(i)) t:3a^-rJ:-5Ki. ^it^l 0 SO^MSCZn 0 2©P«3M{::@lM 

/P§V^:H::;^<D{iieoSbm§&^o{Sl 0 3b(D±Wt-^ 1 0 9(D±m^^ 

tt. 0 SOiaMT-^D. S3 3 (^k^P®) . EI3 0 (;?Kip®) J^i^n^-J; 

atiis S-o(S{5imC/PtJ:M#:fe<. 0 8CD{S5[g?^CZn 0 2©F^M 

^am^^ST^ -Br ^ AST" ^ S >bs t> o feo 

iltlc^ ^2 8:feV^UAS3 3 (tRSP®) ^CV^b^*S3 0 (7jcip(D) T^^tlStt 
gfc:> 0 8. Sot^ 1 0 3 a. 10 3 bA5teg^«>^n?.J^^^^b 

8:feV>bJiS3 3 (7jcSp(i)) :feV^bttEI3 0 (7KSP®) T?N^tL?>iigt. l^jttK 
^1 0 8. Soi^l 0 3a. 1 0 3b^teg^febT*)<fcl^o ^ ^ fci^lixam^ 
©xg-c% lm:^mg^«)*ff^«fc■5l:Ib•r%)J:v^o 

1 2<^{^fflb-C'feJ;V>o fcJi;liS||t&-5o(Sl 0 3b. t-^ 10 9. Mgt^l 

#?&^llSIb•r%J:v^o 
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m2 2i±. a^^^sois 1 0 3 a,(Dmmifi 2 2 ^ y^o^mmmMumm 101^ 

ffiV^-t. Jig^®lfi#*52 0 OmmX-mmmmifi^x 1 O^=atoms/cm^ ©i^U^^v 
m^^mco 023». ^^m^ll22J:b%6xlO-atoim/ciii« ^Htl® 
^Ll2 2. ^2 3©affltt^S3^SV (mm/min) -^fe^).. ^$ftl*M^<2>*'^^ 

K:j:t). *J^. Mbfco 0 2 2®S^Un>#^^B*©^^mS (3xl0-ato 
ms/cm' ) Ji. &$2mm®1^•>^;V^ffiV^-Cv F T I R^t:<t ?)«'J^l^^^o * 
fc®2 3(D^>U3>#?^ra4«®mi^mS (exlO^^atoms/cm'' ) li. mUt^^ 

- o s F ijssstii) o s F u > ym^T-fe t) s ^ ^ ^ ^smti^feii^ ^ :^ ^ 

^ 2 2 2 3 ^imr^ i:. in 2 2 j; d R^m^AMs < mmmmm ( e x 
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'*atoins/cm^^ s 1 x 1 0 ''atoms/ cm' , 3 x 1 0 ''atoms/c ^ 6x10' 
"atoms/cm' CDi^ 'J n >#J^^<&WfiKU ^2 2^ ^ 2 3 tC^f^mill^^^fP 
{ffi^frofeo ClCl-eiiiJ^^^ime X 1 O^'atoms/cm" ®i/U3>#^Stt^ 
^*«5tt^{c:)«-^-rSiii:-tm#bfc%©"efe?)x iSJ^^^iSex l C atoms/ c 
m.\ 1 X 1 O'^atoms/cm' ®S/ U n HI 2 5 t^T^JfiJl^^^M 

1 0 l^fflv^CO^::^ 1 1 2%^^fi^l::^tB-r^cii:c!:oTmfib>fe^)®-e^So 

ih-r^^^^\-f^ (V/G) / (V/G) (Hii;&^bTV^^o 02 4"t?^*^ -fe^:^ 

mv{ii®osFJt#a. -i— mt^'7:^^%^m^7(o (V/G) 

/ (V/G) 0^it^^bTl^ao Ciltr{£^:SMJgV{|iJ® 0 S F^^ailJiO S F U > 

^ o 

ta^ (V/G) / (V/G) o{i. BfiMbfe<tdl3V/Go-r'M1#^bbfefiK«^{W/G 

-^fet). v/Go{iM^^j^m^{^"e®-^-h^;v>t^t^^^-rv/G^iiTfe^o g}* 

1^2 13 2 4K:ai:bT^^nSlli^^m^> J^^^iJS (atoms/cm" ) > 
^=t&^bbfefiKS^{^ (V/G) / (V/G) OlC^JJS^-^tMM^^JS^^^b-C^bfe 
'fe ® ffe S oMxK b «fc ^ 3 j^m?iJ^*5 3x10'" atoms/ c 

Ji^TC^tS M^RICD^/ U n >#J^^>i^^#^nSfifc;^{^V/G©iliiAs 

&;*;bTVNi»(Z)ASto*»So 

^:^3±3ibfeM■ey:^E12 5 ti^-r^Ulf l O l§ffiV>^^fi5K:C0:^*>^ 
1 1 2:&g^m-rs:ii:J-J: Dj^^iiB^^S X 1 0 ' 'atoms/ cm' jy.Tt:{ST^ 
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6. j,.j3>iW*>e.->'J^>i^^«^l-^'^****^ 5IS-tnr^K 
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7. i/V^>mB^<ommmm.i^i2, SxlO^'atoms/cm^ 
(1 9 7 9^ASTM) mT{-^JI?^^*^^ 

1 0 0 0'* Ci>Js±<DmSM^M-r^t 

1 0 0 0° C\ik±(Dmmn^Mirc h 
# _h{f fifeft^ ntz U :3 ^, U n > ^7 :x ^ b U 
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^> U > ^ WNCDMf^cD ^ ^ ^Ptj: < J: cfo^® j; D l^iHfl 1 0 mm 

13. B^^fB^-^{*^ ^>';3>m?K*»^3 0mm~5 0 0mm®l^lltlc:. S/U:^ 

14. lu^^-^li. $/i;3>ili?g3i)^e>3 0mm-'5 0 0mm®i2iMfc. ^/Un 

i/ U 3 >ili?Sa®i:®P^Pf y y"^^ 2 0 mm-- 1 0 0 mmtiiS^^ 
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y 3 J:0P^Pt®^^ y 2 0 mm— 10 0 mml3lS!^^nTV^^ 

17. U =1 vife^SA* ^ §I±{:f d i: l:^ J: o U =i > 

i;ii>ii7 3i->'N^®t::}3l:tS¥^4^-r h*^mm*s5xi OVcm' JjiT-eot. 

-»J->f XAs 1 0 0 nmJJJLT-e^S J: 

1 9 . mM(DmM.^ 3x10 ''atoms/ cm' WT2iU ^^M^^IG (V : 

2 0 . m^<DmM1fi 3x10 ' "atoms/ c m** J.^TO«5fflT% mM^i'^V/G 
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2 1. ±:^^y)^^rVTiS^ifi^^^^nT:^^\)W^^M^^^^^-^^^^'^'^ 

§I#±lfe>ti^S^U=i>mjg^P«3CDJ^^mjg:?)53x 1 O^atoms/cm" IJiTt^fe 
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